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M82 is an irregular (Type 11) galaxy located at a distanc 
3.5 Mpc. Its unusual appearance and high luminosity, p 
has led many astronomers to classify it as a starburst g 
is supported by the observation of a large nvmber of radio continuum sources 
within the central arcminute of t s are thought to be 
associated with supernova remnants, . The starburst in the 
central region of the galaxy is belie d by tidal interaction 
with either M81 or the H I cloud 
/ 
lecular material 
by Weliachew et al. (1984) provided the first of the H I and OH lines m 
angular resolution, h 
rms noise level of 4 mK per channel was 
square region roughly centered on the 2 
intensity is shown in Figure 1. 
served velocity gradient closely resembles that observed in CO J= 1 --+ 0, (Young 
and Scoville 1984) and appears to we dominated by rotation about the minor 
CS was detected over a 160" 
(0,O offset). The emission is 
axis of the gal&. The 
the CS and CO emission are ar 
positions in the galaxy. 
Estimates of the rnolec 
J= 2 + 1 was detected 
By adopting an excitati 
column density across 
density toward a give 
observed there. The peak column density is 3 x 1013 
of the central position. For a fractional CS/H2 abundance of 
al. 1982), the corresponding H2 column density is 3 x 
ween the two velocity maps suggests that 
from molecular clouds located at similar 
density along the lines of sight that CS 
f we assume the emission is optically thin. 
of 40 K and T < 1, we can estimate the CS 
is type of derivation the molecular column 
portional to the CS integrated intensity 
and occurs w 20" east 
(Graedel et  
cm-2. 
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As mentioned earlier, the presence of CS emission indicates the presence of 
gas with a density 2 lo4 cme3. If such high density gas uniformly fills the region 
over which CS was detected, then this implies a gas mass of w 2 x 10l2 Ma. The 
dynamical mass of the region is only w 4 x lo9 M a  (Young and Scoville 1984). 
The difference between the two mass estimates indicates that the dense gas is 
clumgy, with a filling factor 5 2 x 
In Figure 2 we present a surface plot which shows the variation in the 60 
to CS integrated intensity ratio over the central region of M82. The CO data is 
from Young and Scoville (w 50" resolution). The 0,O position in Figure 2 is H 15" 
west of the 2pm peak. Along the major axis the Ico/Ics ratio peaks near the 
center and the edges of the map and has minima about 50'' east and 30" west. In 
contrast, the ICO/ICS ratio reaches its lowest values at. the edges of the map along 
a position angle close to that of the minor axis. Since the.characteristic density 
of CO is much less than that of CS, lower values of Ico/Ics may indicate that 
a higher percentage of the gas is in dense clouds. The minima in Figure 2 are at 
the outer boundary of the dense molecular ring observed both in high resolution 
single dish (Nakai et a2 1987; Loiseau et  al. 1988) and interferometer (Carlstrom 
1988) maps. Therefore, if a low value of the Ico/Ics ratio does indicate a large 
percentage of dense gas, then Figure 2 shows there is a reservoir of dense gas 
located just outside the molecular ring found. The peak IcolICs ratio at the map 
center would then suggest that although the largest column density of dense gas 
occurs toward the center (see Figure l), the percentage of molecular gas in dense 
clouds within our beam is lower there than in the surrounding region. 
The variation in the IcolIcS ratio in Figure 2 could in principle be due 
to a variation of the CS fractional abundance across the source, perhaps due 
to shocks. However, model calculations by Hartquist et  d. (1980) indicate that 
sulfur bearing molecules could be overabundant in shocked regions. Since the 
central region has a peak in the Ico/Ics ratio and is probably the most heavily 
shocked, it is unlikely that shock chemistry is significantly effecting the fractional 
abundance of CS. 
A drop in the Ico/Ics ratio from a central peak could also occur if the gas 
temperature dropped as a function of distance from the center. In this situation 
the opacity in the CO J= 1 3 0 and the CS J= 2 -+ 1 lines would increase 
and may eventually saturate at larger radii. However, the more density sensitive 
CS would feel the effects of the decreasing temperatures more slowly than CO. 
The Ico/Ics ratio would decrease at increasing radii and eventually level off. 
However, this is not what is observed. Inspection of Figure 2 shows that the 
Ico / Ics  ratio goes through a minimum and then sharply increases again along 
the major axis in both directions from the nucleus. 
Different spatial resolution of CO and CS observations combined with a 
brightness gradient may also produce variations in Ico/Ics. We are currently 
investigating the effect of the m 30 % difference between the NRAO and FCRAO 
beamwidths. 
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Figure 1 The CS J= 2 -I 1 integrated 
intensity map of M82. The minimum 
contour level is 0.2 K km/s and the 
contour intend ia 0.6 K km/s. The r m ~  
noise levei is -0.06 K km/s. The 0,O 
point is located at the 2pm peak. 
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